Introduction {#sec1-1}
============

The World Health Organization (WHO) defines malnutrition as the cellular imbalance between the supply of nutrients and energy and the body\'s demand for them to ensure growth, maintenance, and specific functions. Undernutrition could be primary (not consuming adequate calories, e.g., poverty, etc.,) or secondary (abnormal nutrient loss, due to diarrhea or chronic illness or increased energy expenditure).\[[@ref1]\] The studies have documented that severely malnourished children are at a much higher risk of dying than are healthy children and also these children have more severe disease episodes, associated with more complications, and also spends more time ill for each episode.\[[@ref2][@ref3]\] There is a high incidence of malnourished children in developing countries than in developed countries. Nutritional status can be assessed using clinical signs of malnutrition, biochemical indicators, and anthropometry. Anthropometric measurements, such as weight and height, and the interpretation of these, are an objective and quantitative element of nutritional assessment.\[[@ref4]\] Anthropometry has an important advantage over other nutritional indicators, whereas biochemical and clinical indicators are useful only at extremes of malnutrition, body measurements are sensitive over the full spectrum.\[[@ref5][@ref6]\] It is noninvasive, inexpensive, and relatively easy to obtain.

There is not enough data available to know if malnourished children admitted to Pediatric Intensive Care Unit (PICU), have a worse outcome as compared to other critically sick children with normal nutritional status. In a study done in Brazil showed that presence of malnourishment increases mortality of children admitted to PICU.\[[@ref7]\] The previous study from All India Institute of Medical Sciences, India, on the pediatric risk of mortality (PRISM) score concluded that there was a trend toward higher standardized mortality ratio for severely malnourished children using all the three scoring systems (PRISM, pediatric index of mortality \[PIM\], PIM II).\[[@ref8]\]

PRISM is the most widely used scoring system to predict mortality. Even in developing countries, including authors unit, it is now routinely been applied to PICUs to identify factors related to structure or process of intensive care that are associated with quality of care.\[[@ref9][@ref10]\] PRISM scoring has many parameters but does not take nutritional status into consideration. Since malnutrition is common in developing countries, this prospective study was done to assess the nutritional status by doing weight and height of children admitted to ICU, to correlate growth parameters with the outcome, and to assess mortality in malnourished children in relation to PRISM score.

Subjects and Methods {#sec1-2}
====================

It was a prospective study conducted in ten bedded PICU at a tertiary care, teaching hospital, Ludhiana, over a period of 1 year. All patients admitted to PICU in the age group of 1 month 14 years were included in the study. Detailed history and examination were done in all the patients including the relevant investigations. The physiological data were collected at admission including the vitals.

Anthropometric parameters including weight for age, height (length) for age, weight for height were measured within 24 h of admission. Weight for age was taken as the gold standard for interpretation. For children more than 10 years, BMI as per WHO charts was taken to assess nutrition and growth.\[[@ref11]\] Weighing scale Goldtech Model Gtep, accuracy 20 g, range 400 g to 200 kg was used for weighing children and Essae DS 252 model BS250, accuracy 20 g, range 400 g to 15 kg was used for infants. Height/length was taken using the standard technique.

Patients who died within 24 h of admission or discharged against medical advice were excluded from the ultimate outcome (mortality). Patients who were small for gestational age (birth weight \<2.5 kg), diagnosed to have chromosomal syndromes, and neonates were also excluded from the study. At the end of the study period, patients were divided into two groups, children with normal weight (no malnutrition) i.e. \>3^rd^ percentile as per WHO growth charts were taken as controls and weight for age \<3^rd^ centile were taken as cases. Cases were further subdivided into various grades of malnutrition with \<60% of expected as severe malnutrition and between 60% and 80% of 50^th^ centile of weight for age as mild to moderate malnutrition. Chronic malnutrition or stunting was taken if height for age was \<90% of expected, with weight for height ratio as normal.

PRISM scoring (14 components)\[[@ref12]\] was done in all the patients within 24 h of admission. The original version of PRISM software was used in the study as in this; mortality is predicted as per score of the individual patient. The study was approved by the Ethical Committee of the Institution, and consent was taken from all the parents. For socio-economic status of the families, Kuppuswamy\'s Socioeconomic Status Scale-Updating for 2007 was used.\[[@ref13]\]

Appropriate statistical methods (Student\'s *t*-test, Chi-square test, and Z-test) were used to know the significance of the impact of growth parameters on PRISM in determining the outcome.

Results {#sec1-3}
=======

After exclusion of all neonates and patients who stayed in PICU for \<24 h, 400 children were enrolled in the study. Anthropometry (weight for age, height for age, and weight for height) was done in all these patients at admission, and the data were interpreted according to the WHO charts (in percentiles) as the standard and then classified into underweight and grades of malnutrition. Weight was taken as the gold standard for interpretation of the observations.

Mean and median age of the patients was 57.9 and 39 months, respectively. There were 246 (61.5%) patients who had normal weight for age as per WHO charts and grouped as controls and the rest 154 (38.5%) had weight for age \<3^rd^ centile and labeled as cases. Out of the underweight children, 107 (69.5%) patients had mild to moderate malnutrition, i.e., 60--80% of 50^th^ centile of weight for age and 47 (30.5%) patients were severely malnourished \<60% of the expected weight. In addition, 43 patients were stunted, out of these 49% had severe malnutrition.

These were not separately assessed because of less number.

[Table 1](#T1){ref-type="table"} shows the age wise distribution and demography of cases and controls. Infants were significantly more malnourished as compared to other age groups, and there was no difference in gender distribution or socioeconomic status of patients regarding nutritional status.

###### 

Distribution of patients, controls versus cases
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 {#sec2-1}

### Primary system involvement in controls versus cases {#sec3-1}

It was noted that major systems were equally involved in cases and controls, but in cardiovascular system-related diseases, more number of patients had malnutrition, which was statistically significant (0.0320) and almost all these had underlying congenital heart diseases.

### Vitals in controls versus cases {#sec3-2}

All the 14 components of PRISM score were used in this study, namely, systolic BP, diastolic BP, heart rate, respiratory rate, pupillary reaction, GCS score, PaO2/FiO2, PaCO2, PTI, bilirubin, calcium, potassium, glucose, bicarbonate were noted in cases and controls. A total of 91 patients had tachycardia at admission 14 had bradycardia, 89 had tachypnea, 66 patients were brought in respiratory arrest, but there was no statistically significant difference in vitals at admission between cases and controls.

Anemia was found in almost two-third of children in both groups. Thrombocytopenia and hypoglycemia were significantly higher in malnourished children (*P* \< 0.01). There was not a significant difference in other investigations among cases and controls.

Morbidity and mortality among cases and controls are shown in [Table 2](#T2){ref-type="table"}. Mortality was 11.6% in controls and 13.3% in cases (not significant).

###### 

Morbidity and mortality in cases versus controls

![](IJCCM-20-385-g002)

### Outcome in relation to weight for age {#sec3-3}

Final outcome in children with normal weight for age and children with mild to moderate malnutrition was compared a shown in [Table 3](#T3){ref-type="table"}, and there was no significant difference.

###### 

Outcome in normal weight for age compared to mild-moderate malnutrition
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When further mortality was compared in different grades of malnutrition, i.e., between mild to moderate (60--80% weight for age) and severe grades of malnutrion (grade III and IV, \<60% of weight for age), mortality was significantly (*P* - 0.014) higher in severely malnourished group compared to children with borderline malnutrition as shown in [Table 4](#T4){ref-type="table"}. Although mortality in children with borderline malnutrition was slightly less than the children with normal nutrition but this difference was not statistically significant as shown in [Table 3](#T3){ref-type="table"} (*P* - 0.2957).

###### 

Outcome in relation to degree of malnutrition
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Mean and median PRISM score in children with normal weight for age was 12.89, 12, respectively. In cases (weight for age \<3^rd^ centile) mean, and median PRISM score was 13.07, and 12, respectively. Further in malnourished children, mean score among mild to moderately nourished and severely malnourished was 12.7 and 13.9, respectively (*P* - 0.4890). There was no statistical significant difference in PRISM score among cases and controls and also in mild to moderately nourished to severely malnourished children in this study.

PRISM scoring was done, and actual mortality was plotted against predicted mortality as per score shown in [Figure 1](#F1){ref-type="fig"}.

![The graph with pediatric risk of mortality score of patients in X-axis and predicted mortality on Y-axis in broken lines and actual mortality in the study in continuous lines, and these were almost parallel to each other, with mortality increasing with increasing score](IJCCM-20-385-g005){#F1}

Although PRISM score was not significantly different between normal, mild to moderately malnourished, and severely nourished children, but the mortality was much higher in severely malnourished children, higher than predicted by PRISM score \[[Figure 2](#F2){ref-type="fig"}\].

![Pediatric risk of mortality score on X-axis and mortality on Y-axis. Large dash line shows the predicted mortality as per the score, small dash line shows the actual mortality in study group with mild to moderate malnutrition, and continuous line shows actual mortality in children with severe malnutrition, i.e., \<60% of expected weight for age](IJCCM-20-385-g006){#F2}

On correction for mortality as per the scoring, it was found that weight for age \<60% corresponded to additional four points to PRISM score, if everything else remains the same.

Discussion {#sec1-4}
==========

PICU is an important component of tertiary pediatric care service. These units are points of major technology transfer and constitute one of the main consumers of hospital budgets. There are relatively few efficiently equipped PICUs in developing countries.\[[@ref14]\] The main purpose of the PICU is to prevent mortality by intensively monitoring and treating critically ill children who are considered at high risk of mortality. The capability to estimate the patient risk of death is considered important because such estimate would be useful in achieving many different goals such as assessing patient\'s prognosis, ICU performance, ICU resource utilization and also evaluating therapies controlling, and matching the severity of illness in clinical methods. Intensive care scoring systems are devised to determine probable outcome of the patients being admitted to the ICU.\[[@ref15]\] ICU scoring systems are also important while conducting clinical trials to remove the bias by selecting patients with similar severity of illness. PRISM score is considered to be the most effective in predicting the risk of mortality, including developing countries also and in authors unit too.\[[@ref9][@ref10][@ref16][@ref17]\]

However, patient\'s mortality is not only affected by ICU performance but also depends on many factors such as demographic and clinical characteristic of population, infrastructure and nonmedical factors, nutritional status, case mix, and admission practice. A better understanding of the role of malnutrition as a cause of death is of vital importance, in terms of the interpretation of anthropometric data, and subsequent prioritization of intervention and targeting strategies. Assessment of malnutrition is often used to determine the severity of morbidity and mortality.\[[@ref18]\]

It has already been established that we need to modify our scoring systems for accurate prediction of mortality. PRISM score has been modified to PRISM III for that matter which includes division of patients into age groups and accordingly giving them a score. However, nutritional status is not taken into consideration in this score. Therefore, there is need for field testing of these scoring system in setting different from the one in which they were originally developed and with that aim this study was done to know the effect of the growth of children on mortality.\[[@ref19]\] Original PRISM score with 14 components was used in this study, which gives predicted mortality also.\[[@ref12]\]

In this study, malnutrition was most commonly seen in infants and children younger than 5 years compared to other age groups. Infancy is the common age for malnutrition, due to many factors, including delayed weaning and as many these infants had diseases which could lead to failure to thrive, like congenital heart disease. Punjab state is one of the state with highest per capital income and primary malnutrition due to insufficient diet is not that common, though secondary malnutrition due to diseases such undiagnosed congenital heart disease and celiac disease are more common. It was also observed that children with underlying CHDs were significant more underweight compared to other system involvement in this study. Children with CHD have significant nutritional defects, and these defects are more evident in the weight-for-age index.\[[@ref20][@ref21]\] Rests of the systems were equally involved in both the groups.

There was no difference in vitals at admission in both groups. Although 16% malnourished children had hypokalemia compared to 9% in healthy group, but it was not statistically significant. Hypokalemia, hypocalcemia, and hypoglycemia were more in malnourished children in the study as shown in other studies also.\[[@ref22][@ref23]\] Anemia was the most common abnormality found in both groups. In India about 75% of toddlers are anemic.\[[@ref24][@ref25]\] Malnourished group had significantly more thrombocytopenia in our study as has been reported previously.\[[@ref26]\]

When morbidity was compared in both groups, almost equal proportion of patients needed ventilatory support and inotropes. However, when the duration of ventilation was compared, it was observed that the children with normal nutrition needed ventilation for significantly less number of days, nearly half needing for \<3 days and ventilation were significantly prolonged in malnourished group in spite of the almost similar disease profile needing ventilation. Nearly, 59% malnourished patients needed ventilation for more than 5 days compared to 22% in patients with normal group (*P* - 0.0063). This has been reported before also that children admitted to ICUs due to respiratory failure associated with malnutrition are more prone to respiratory fatigue or respiratory decompensation. In malnutrition, muscle function is affected, originating muscle fatigue and a reduction of up to 75% in work intensity.\[[@ref27][@ref28][@ref29][@ref30]\]

Mortality was almost the same in both the groups 12--13%. Malnourished group was further divided into groups, one with mild to moderate malnutrition (weight for age 60--80% of expected) and second who were severely malnourished (weight for age \<60% expected), it was noted that mortality was significantly higher in later group 27% compared to 7% in other group (*P* - 0.01). Although mortality was less in children with borderline malnutrition compared to children with normal weight for age (7% vs. 11%), but this difference was not statistically significant. Hence, in our study, mortality in mild to moderately malnourished children, who are critically sick, is not different from other critically ill children with normal weight for age. It had been seen that children with mild to moderate malnutrition have 2.2 times, whereas severely malnourished children (60% of the reference median weight-for-age) had 6.8 times the risk of dying during the follow-up period than better-nourished children (80% of the median reference weight-for-age).\[[@ref31]\] However, this increase in mortality in malnourished children (both mild to moderate or severely malnourished) is mentioned in otherwise healthy children and not those admitted to PICU, whereas in our study, all children were critically sick. This is the first such study where outcome in critically ill children in relation to malnutrition is studied.

There was no statistically significant difference in PRISM scores in cases versus controls, mean being 12.9 versus 13.both the groups. PRISM score in mild to moderately nourished to severely nourished was 12.7, 13.9, respectively (*P* - 0.4890).

PRISM score was able to predict mortality in children with normal weight for age and children with mild to moderate malnutrition, but mortality in severely malnourished children was much higher than predicted by this score. It was noted in this study that borderline malnutrition *per se* in critically ill children does not increase mortality compared to other critically ill with normal weight for age, but severe malnutrition (IAP Grade III, IV, weight for age \<60%) independently increases the risk of mortality and thus should be included as part of PRISM component. We may say from our study that weight for age \<60% of expected is an independent risk factor for higher mortality. We tried to give score to this factor, and it was observed that if weight for age \<60% predicted is given score of 4 then PRISM can predict mortality. This study suggests that weight for age would improve the discriminatory power of the PRISM score, and a larger prospective study is needed to confirm this. The number of patients with severe malnutrition was less; more studies involving larger number of patients in this group are needed to predict the exact score for this factor. It is desirable that scoring systems should be devised that work in both developed and developing nations. This may involve modifying or adapting existing scoring systems in a way that may not affect their current functioning in the developed world but may appropriately modify their use within the developing world.

Conclusion {#sec1-5}
==========

Nutritional status or the growth parameters significantly affect the variables in the PRISM score as well as the mortality and morbidity of the patients. Weight for age \<60% of expected needs to be included as an independent prognostic factor in the PRISM score.
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